A characterization of the effects on neuronal excitability due to prolonged microstimulation with chronically implanted microelectrodes.
Localized, long-lasting stimulation-induced depression of neuronal excitability (SIDNE) is a consequence of prolonged, high-frequency microstimulation in the central nervous system (CNS). It represents a persisting refractory state in the neurons and axons near the stimulating microelectrode, that occurs in the absence of histologically detectable tissue injury. It does not involve a change in synaptic efficacy and, in this respect, it differs from the more familiar phenomenon of long-term depression (LTD). Although SIDNE is ultimately reversible (after several days), it must be taken into account in the design of neural prostheses based on microstimulation in the central nervous system and in animal studies that require prolonged microstimulation in the CNS. In this study, we have characterized the phenomenon, using as the paradigm, iridium microelectrodes implanted chronically in the cat's posteroventral cochlear nucleus. Although the SIDNE may persist for several days after the end of the stimulation protocol, it does not become more severe from day to day when the stimulation protocol is repeated on successive days. The severity of the SIDNE is strongly dependent upon both the instantaneous frequency and the duty cycle of the electrical stimulation. The character of the SIDNE, including its localization to the immediate vicinity of the stimulating microelectrodes, suggests that the phenomenon is a direct consequence of the prolonged electrical excitation of the neurons close to the microelectrode. The problem of designing microstimulation systems that allow high-frequency stimulation of a neural substrate, while minimizing SIDNE are discussed.